Introduction

56
Most organisms adjust their behavior and physiology to the daily (circadian) cycle of 57 day and night. This circadian rhythm is controlled by a complex molecular clock machinery 58 that is highly conserved in the animal kingdom (Vatine et al., 2011, Katherine Tamai et al., 59 2003). The core system of the molecular clock is composed of interlocked auto-regulatory 60 transcriptional-translational feedback loops that are regulated by clock genes and their proteins 61 (Cahill, 2002, Dardente and Cermakian, 2007) . In fish, the central clock is believed to be located 62 in the pineal gland or retina (Falcón, 1999) . Besides these organs, several tissues also express 63 clock genes in a circadian rhythmic manner, thus indicating that there may be multiple 64 peripheral oscillators (Whitmore et al., 1998 , Whitmore et al., 2000 , Tamai et al., 2005 .
65
It is believed that the components of the clock system do not only regulate the core 66 members of the transcriptional-translational loop but they also are regulators of other genes 67 (McCarthy et al., 2007) . The genes that are under the clock coordination are termed clock-68 controlled genes and they are responsible for integrating the clock mechanism and physiological 69 pathways, eventually orchestrating biological processes in a circadian fashion (McCarthy et al., 70 2007, Amaral and Johnston, 2012) . There is a paucity regarding the extent to what clock 71 mechanisms regulate the transcriptional network in fast skeletal muscle in fish. Nevertheless, 72 biological clocks are thought to play a key role in mammalian muscle physiology. For instance, 73 myoD, a member of myogenic regulatory factors family, is believed to be under clock control.
74
In mouse fast muscle, MyoD is expressed in a circadian manner and the absence of a functional 75 clock mechanism disrupts the rhythmicity of gene expression, as well as both Peroxisome 76 proliferator activated receptor γ coactivator 1α and leading to structural 77 and functional alterations at the cellular level in this tissue (Andrews et al., 2010) . Further, the 78 core enhancer (CE) in the promoter region of MyoD is necessary for its circadian expression, 79 and the core clock genes, Circadian locomotor output cycles kaput (CLOCK) and 80 
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Brain and muscle Arnt-like protein-1 (BMAL1) bind to a conserved non-canonical E-box 81 within the CE (Zhang et al., 2011) . Moreover, in a transcriptome-wide study in mouse skeletal 82 muscle, it was discovered that a total of 215 transcripts displayed a circadian expression pattern 83 (McCarthy et al., 2007) .
84
Myosin is a large group of structurally and functionally diverse superfamily of actin-85 based molecular motors that consists of more than 35 distinct classes (Odronitz and Kollmar, 86 2007). Myosin heavy chain genes are highly conserved throughout evolution (Ikeda et al., 2007) 87 and they are expressed in a complex pattern during muscle fiber development (Ennion et al., 88 1999). In cultured smooth muscle cells, phosphorylation of myosin light chain displayed 89 circadian rhythmicity, which could be abolished by pharmacological inhibition and knockdown
90
of Rho-associated kinase 2 in mouse (Saito et al., 2013) . Two other myosin genes, Myh1 and 
93
The above studies on the importance of circadian rhythmicity for mammalian myosins 94 imply that their counterparts in fish may also be under control of circadian clocks. Thus, the 95 goal of the current study was to characterize the circadian rhythmicity of myosin gene 96 expression in fast skeletal muscle of a teleost. Moreover, fish myosins are known to display 97 thermal plasticity (Tao et al., 2004 , Cole and Johnston, 2001 , Watabe, 2002 but the influence 98 of light in muscle growth plasticity remains to be determined. Atlantic cod is a particularly 99 interesting species to study this phenomenon because somatic growth of juvenile fish is 100 significantly affected by photoperiod manipulation, concomitantly with changes in expression 101 of genes involved in epigenetic regulation, namely mixed-lineage, leukemia and DNA (cytosine-102 5)-methyltransferases (Nagasawa et al., 2012 , Giannetto et al., 2013 . To further explore the 103 molecular mechanisms underlying the photic plasticity of muscle growth in Atlantic cod, the Kruskall-Wallis ANOVA on ranks followed by SNK post-hoc test was used instead. The same 234 approach was also used to determine differences in the expression of myosin genes at a specific 235 time point in fast skeletal muscle explants exposed to different illumination conditions. For the 236 photoperiod experiment in juvenile Atlantic cod, differences in mRNA levels of myosins in 237 relation to light treatment were determined by two-way ANOVA followed by SNK post-hoc 238 test. The level of significance was set at P < 0.05.
239
To evaluate circadian rhythmicity of myosin transcripts, a COSINOR analysis was 
247
Correlation analyses (n = 6) were conducted to determine the relationship between 248 mRNA levels of myosins with circadian rhythmicity and transcription patterns of clock genes 249 that were earlier shown to be rhythmically expressed in fast skeletal muscle of Atlantic cod
250
(Lazado, Kumaratunga, Nagasawa, Babiak, Giannetto and Fernandes, unpublished In silico characterization of TFBS involved in the circadian regulation of clock or clock-
344
controlled genes identified circadianTFBS (Creb, Mef2, and E-box motifs) in the 5 kb putative 345 promoter regions of myh_tc, myh_n1, myo18a_2 and myo18b_2 (Fig. 2) . Creb TFBS were 346 found in several locations within the first 3 kb upstream region of myh_tc and myh_n1. In 347 particular, Creb TFBS were located at -1231, -2194, -2253 bp upstream in myh_tc and at -1181,
348
-2065, -3030 bp upstream of myh_n1 ( Fig. 2A, B) . A Mef2 consensus sequence was also 349 identified at several locations in the upstream region of two myh genes (-810, -883, -1157, -350 respectively. Besides the three Creb TFBS located between -1.5 and 2.5 kb of myo18a_2, Mef2
354
TFBS and an E-box motif were identified at positions -2441 and -3787 bp, respectively.
355
The MEF2, CREB and E-Box motifs are some of the main regulatory factors of various could be attributed to differences in the number and location of these and other circadianTFBS 368 in the putative promoter region of these genes. 
380
The circadian response is markedly influenced by light history (Glickman et al., 2012) .
381
Different photoperiod regimes did not significantly influence the circadian expression of 382 myh_tc and myh_n1 (Fig. 3A, B) . However, significant differences were observed between 383 photoperiod treatments in the circadian expression of myh_n4, myo18a_2 and myo18b_2 ( Fig.   384 3C-E). In particular, the transcript levels of myh_n4 ( myosin transcript levels (particularly of myh_tc and myo18a_2) increased throughout the 415 duration of the experiment and this pattern was evident regardless of photoperiod regimes.
416
Given the remarkable effect of photoperiod on their mRNA levels, it is plausible that myosins 417 are involved in the molecular network regulating the photic plasticity of muscle growth in
418
Atlantic cod. Most differences in myosin transcript levels between photoperiod treatments were 419 observed after 60 days ( Fig. 4; Supplementary Fig. 2 Velarde, E., Haque, R., Iuvone, P.M., Azpeleta, C., Alonso-Gomez, A.L. Delgado, M.J. 2009.
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Circadian clock genes of goldfish, Carassius auratus, CDNA cloning and rhythmic 553 expression of period and cryptochrome transcripts in retina, liver, and gut. J. Biol.
554
Rhythms. 24, 104-113. Table S3 ). Statistical differences (P < 0.05) between time points Table S5 ). Statistical differences (P < 0.05)
587
between photoperiod regimes at a given time point are denoted by different letters. 
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